These surveys of shallow ground shear velocity provide information that will assist in mitigating earthquake hazards in the Reno, Los Angeles and Las Vegas urban areas, and in responding to a damaging earthquake. This work is a reconnaissance, looking for`h ot spots'' in the seismic shaking hazard. As shallow shear velocity decreases, shaking hazard increases (Borcherdt, et al., 1991) . The three transects were completed quickly and economically using the refraction microtremor method of Louie (2001). The results were tested for consistency with physical processes by applying a fractal analysis.
Introduction
Shallow velocity is traditionally estimated with engineering surveys in boreholes (ASTM, 2003) . Such boreholes are costly, with results available from less than 50 sites in Los Angeles and about five sites in Las Vegas. Shaking hazard is best measured by recording damaging earthquakes on strong-motion seismometers, from which data are similarly sparse in all three cities. Hazard mitigation and earthquake emergency response planning both need complete mapping of the shaking hazard. To date these hazard maps have been predicted from geologic map units and sparse downhole shear-velocity measurements (Wills, et al. 2000) , but our results from Reno (fig. 4, below) show that existing maps may not predict shallow velocities.
Methods
The three transects were completed by University of Nevada, Reno students using rolled arrays of IRIS/PASSCAL ``Texan'' single-channel recorders, Data analysis was with Optim's SeisOpt® ReMi ΤΜ package, a method developed by Louie (2001) . Each team of 3 students placed an array of 45 (in Reno), 30 (in LA) or 40 (in LV) channels spaced at 20 m for a half-hour recording period. Each channel recorded a 4.5-Hz vertical geophone. Mostly ambient seismic ``microtremor'' noise was recorded, although some arrays were supplemented with hammer blows for P-wave refraction analysis. Geophones were not buried, but were leveled carefully. The 15 km Reno transect was completed in 2001 by 3 students in 9 days. With the 12-member crew, the 60-km-long San Gabriel River transect of 99 (600 m) array placements was completed in 4.5 days; the 14-km-long Las Vegas transect of 17 (800 m) array placements was completed in 2 days. Several months of permitting, preparation, and training activities preceded the July 4-16, 2003 field exercises.
Conclusions
Preliminary estimates of 30-m depth averaged velocities are plotted in figs. 1-3. The curves are unexpectedly smooth.
In all three cities the lowest velocities observed are close to the NEHRP C/D class boundary, just under 350 m/s. Several Los Angeles deployments around Alamitos Bay, Long Beach, did not find any NEHRP-E class (very low) velocities, despite measuring artificial fill in a lagoon.
Reno− Along the Truckee River, most of the Reno urban area shows NEHRP class C shallow shear velocities. Very little of the profile shows any significant chance that velocities are in the NEHRP class D range. Neither geological nor agricultural soil map units can serve to predict NEHRP hazard class or shallow velocities in the Reno area (fig. 4) . Basin depths were estimated based on a Gravity-depth survey (Abbott and louie, 2000) . Where the depth to a Tertiary diatomite is small, velocities increase. The deepest part of the Tertiary sedimentary basin (1.5-2.0 km), near the RF05 strong-motion station, shows relatively high shallow velocities. Low velocities near the UNRX station on the east side of the profile are above only moderately deep (0.5 km) parts of the basin. Lower velocities than along the river were found on the UNR campus 2 km north of downtown Reno, 365 m/s instead of 500 m/s. The campus has deeply weathered clay soil derived from volcanic alluvium, where the Truckee River has removed clay and deposited clean gravel and boulders along its course through downtown. Spatial variability− Following the analysis method of Mela and Louie (2001) , we examined the spatial variability of the shearvelocity data from the three transects. Never before had shallow shear-velocity datasets sampled this well in space. We performed a Fourier transform of each transect to a power spectrum over a spatial frequency axis. Again after Mela and Louie, we identified linear slopes on a log-log plot of the spectrum as evidence of fractal variations. We derived a fractal dimension, (D), from the slope values following the formula of Berry (1979) 
